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Abstract: In this work, the physico-chemical properties of clinoptilolite (a natural zeolite) were analyzed by 
complementary techniques including X-ray diffractogram, N2 physisorption at -196 °C, FESEM and EDX analysis. Zeolite 
is classified as a mesoporous material (cavities≈ 15 nm) with a specific surface area of 36 m2g-1. The porous size 
distribution shows a peak in the mesoporous region. This zeolite is characterized by anhedral particles assembled on 
top of one another: this is a characteristic of material growth by magma with impurities (Mordenite) in the pores. The 
presence of impurities was evidenced with EDX analysis (Fe=0.68% at, Mg=0.47% at.). Then, the adsorption tests 
were performed with two solutions of methylene blue (MB) at different concentrations (namely 250 and 500 mgL-1). 
The results showed that the adsorption of the dye is more efficient in the case of250 mg L-1concentration, with an 
abatement of 96% after 2h. The abatement corresponding to the higher concentration of MB is about 92.5% after 
2h. The kinetic order of MB on clinoptilolite was calculated. The results suggest a second order reaction. In the 
future, clinoptilolite will be studied for the abatement of metal ion solutions in order to be used as a molecular sieve 
in the waste water treatment field. 

Keywords: Clinoptilolite, Natural Zeolite, Waste water treatment, Dyes, Methylene blue adsorption. 

1. INTRODUCTION 

In recentyears, natural and synthetic zeolites have 
become very interesting study materials for various 
different applications [1-6]. Their story began about 260 
years ago, when Axel F. Cronstedt discovered a 
mineral, in a copper mine in Sweden, with an 
interesting characteristic: it seemed to boil up when it 
was heated. Because of this property, Cronstedt 
named this mineral “zeolite” which translates from the 
Greek meaning “boiling stone” [7]. Following this 
discovery, interest towards zeolites increased but only 
in the XX century did it become possible to obtain a 
clear resolution of their crystal structure [8-10]. Thanks 
to these studies, scientists were able to highlight the 
main characteristic of these solids [11]: 

• There is a tridimensional framework 
characterized by [SiO4] and [AlO4] tetrahedra; 

• The zeolites are composed of regular channels 
and micropores with different shapes and sizes; 

• The micropores contain adsorbed water that can 
desorbat high temperatures; 
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• The framework has a negative charge, due to 
the presence of [AlO4] tetrahedra; 

This charge can be easily compensated by cations 
(i.e Na, K, Mg, Ca) in the micropores. Because of their 
weak bonds, it is possible for ion exchange to take 
place with other cations in solution and this allows to 
obtain zeolites with better performances [12-14]. 

Before the 1940s zeolites were considered 
materials with no practical use only studied by 
mineralogists. Natural zeolites have a hydrothermal 
origin and can easily be found in basaltic and volcanic 
rocks. 67 different species of zeolites have been 
identified and classified in nature [11, 15]. 

Recently, natural zeolites have become very 
important for the separation and the adsorption of 
organic compounds or metal ions in the waste 
treatment field. In fact, zeolites exhibit high thermo 
chemical stability and are able to regenerate 
themselves easly [16]. 

Among the natural zeolites, clinoptilolite is one of 
the most interesting to study. The representative 
general unit-cell formula is (NaKCa)4(Al6Si30O72)·24H2O 
with a void volume, about 34%, estimated from the 
water content [17, 18]. The water occupies micropores 
and channels, in which exchangeable cations take 
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place: Na, K, Ca or others (Mg, Fe, Sr, Ba) depending 
on which geographical area the clinoptilolite comes 
from [17, 19]. The ratio Si/Al can vary from 4.0 to 5.3, 
according to the Lowenstein’s rule: the ratio Si/Al is 
always larger than 1 [20]. 

Clinoptilolite can be characterized by different 
porosities: microporosity (<2 nm), mesoporosity 
(between 2 and 50 nm) and macroporosity (above 50 
nm). The macroporosity is created by the presence of 
specific mineral (i.e. Quartz or Mordenite) [17]. The 
cation exchange capacity of the clinoptilolite, namely 
CEC, is about 2.25 mequiv g-1. Despite its lower value 
compared to other natural zeolites (i.e. Analcime = 4.54 
mequiv g-1, Chabazite = 3.84 mequiv g-1), clinoptilolite has 
an affinity with ions in this increasing order [18]: Li < 
Mg <Al< Fe < Ca < Na < Sr < Ba < NH4 < K < Rb < Cs. 

Clinoptilolite is able to exchange its ions with 
nitrogen from [NH4]+ and with metal ions in aqueous 
solution [18, 21, 22]. For this reason, clinoptilolite is 
widely used in the agricultural field as a slow-release 
nitrogen fertilizer and in the treatment of contaminated 
water [21-27]. Other interesting studies show how 
clinoptilolite is used in the treatment of nuclear 
wastewater in the presence of cadmium and strontium 
[28-30]. 

In wastewater treatment the first perception of the 
quality of the water is its colour. It is estimated that less 
than 1 ppm for some dyes is visible in water: this value 
is undesirable [31, 32]. The synthetic dyes are common 
and widely use in the industries: about 7 x 105 tonnes 
per year are produced and over 100,000 are 
commercially available [33, 34]. The problem of 
wastewater from industries is the presence of organic 
molecules. These molecules react with difficulty: they 
are stable to light, show aerobic digestion and oxidizing 
agent and heat [35, 36]. It is estimated that 2% of dyes 
produced are discharged directly into the blow-down 
system [32, 34]. 

Among these dyes, methylene blue (MB) was 
studied. The physico-chemical properties of 
clinoptilolite were analyzed by complementary 
techiques: XRD, physisorption of N2 at -196 °C, field 
emission scanning electron microscopy (FESEM) and 
energy dispersive X-ray analysis (EDX). 

Then, the adsorption tests were performed with two 
different solutions of MB at 250 and 500 mg L-1 with a 
certain quantity of clinoptilolite (5 g). 

2. MATERIALS AND METHODS 

2.1. Physico-Chemical Characterizations 

The powder X-ray diffraction patterns were collected 
on an X’Pert Philips PW3040 diffractometer using Cu 
Kα radiation (2θ range = 5°–50°; step = 0.05° 2θ; time 
per step = 0.2 s). The diffraction peaks were indexed 
according to the Powder Data File database (PDF-2 
1999, International Centre of Diffraction Data, PA, 
USA). 

The specific surface area (SBET) and total pore 
volume (Vp) were measured by means of N2 
physisorption at −196 °C (Micromeritics Tristar II 3020, 
v1.03, Micromeritics Instrument Corp., Norcross, GA, 
USA, 2009) on samples previously outgassed at 200 
°C for 4 h. This phase is necessary to eliminate 
adsorbed molecules on the zeolite surface (i.e. H2O). 
The specific surface area of the samples was 
calculated using the Brunauer-Emmett-Teller (BET) 
method. The pore distribution and the average pore 
width were studied by Barrett-Joyner-Halenda (BJH) 
analysis. 

The morphology of the samples and the EDX 
analysis were investigated by means of field emission 
scanning electron microscopy (FESEM Zeiss MERLIN, 
Gemini-II column, Oberkochen, Germany). 

2.2. Adsorption Tests 

Two solutions with a concentration of MB of 250 
and 500 mg L-1were prepared. Then 5 g of clinoptilolite 
were added to these solutions and mixed at room 
temperature under constant stirring conditions. The MB 
adsorption started when the clinoptilolite was added in 
the solution (time 0). 5 ml of the solution were analyzed 
over the time (namely, 10, 20, 30, 40, 60, 90, 100, 120 
and 130 minute) with a UV-VIS spectroscope using the 
absorbance of the peak at 664 nm as a reference. Prior 
to adsorption tests, a calibration curve was created with 
10 mgL-1 of MB. 

3. RESULTS AND DISCUSSION 

3.1. Physico-Chemical Characterizations 

Figure 1 shows the XRD diffractogram of the 
clinoptilolitein comparison with the reference code of 
clinoptilolite itself Figure 1a and the reference of 
Mordenite, Figure 1b. In Figure 1a it is possible to 
see the high crystallinity of the clinoptilolite and its 
more intensive peaks at 2θ= 9.92°, 22.43° and 
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30.50°, according to the literature and the reference 
code in the database (reference code of the 
clinoptilolite: 00-039-1383) [37]. It is possible to have 
several minerals in the clinoptilolite, such asα-Quartz 
and Mordenite [37]. In Figure 1b there is the 
reference code of Mordenite. At 2θ = 25.8° the 
diffractogram of clinoptilolite has a reflection peak of 
the Mordenite. We have compared the code of α-
Quartz (reference code: 01-085-1054) to the 
clinoptilolite and we noticed there were no traces of 
quartz in the clinoptilolite (not reported for brevity). 

 

Figure 1: XRD diffractograms of clinoptilolite. A comparison 
with the reference pattern in the database for: 1a) 
clinoptilolite and 1b) mordenite. 

At 2θ= 22.4° there is the most intense peak of the 
clinoptilolite. The latter is indicated by the (1 3 2) and  
(0 0 4)-type planes of clinoptilolite [37]. 

In Table 1 the main textural properties of the 
clinoptilolite are reported. As a whole, the specific 
surface area (evaluated by the BET method) and the 
total pore volume are very low, equal to 36m2 g-1 and 
0.14cm3 g-1 respectively. 

Table 1: Textural Properties of the Clinoptilolite 

 SBET (m2 g-1)1 Vp (cm3 g-1)2 Dp (nm)3 

Clinoptilolite 36 0.14 15 
1 Specific surface area measured by the Brunauer-Emmett-Teller (BET) 
method; 
2 Total pore volume at p/p0= 0.97; 
3 Average pore width evaluated from BJH method in the desorption phase; 

In Figure 2 the adsorption and desorption isotherms 
of the clinoptilolite are reported. It is possible to 
evaluate the type of isotherm. As shown in literature, 
this is a type-IV isotherm that is common among 
mesoporous materials. The capillarity condensation is 
accompanied by hysteresis: this phenomena occurs 
when a critical width is exceeded, in the case of 
nitrogen the hysteresis starts for pores wider than 4 nm 
[38, 39]. It is possible to evaluate the shape of the pore 
by analysis of the hysteresis loop. Hysteresis is a 
phenomenon which appears during a certain range in 
the multilayer physisorption and is associated with the 
capillarity condensation into the pores [38]. The loop 
does not exhibit limiting adsorption at high relative 
pressure and the shape is common with plate-like 
particles that give rise to silt-shaped pores [38]. 

 

Figure 2: Adsorption and desorption isotherms for the 
clinoptilolite (N2-physisorption at -196°C). 

Figure 3 displays pores size distributions of the 
clinoptilolite during desorption, evaluated by the BJH 
method. From the desorption phase it possible to 
evaluate the average diameter of the clinoptilolite 
pores: this value corresponds to 15 nm. 
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The distribution does not reach zero. As shown in 
Figure 3, there is a macroporous region at higher 
values, between 50 and 120 nm. 

 

Figure 3: Pore size distribution of the clinoptilolite. 

 

Figure 4: FESEM images of the clinoptilolite at different 
magnifications: 2 µm a), 200 nm b) and 100 nm c). 

In Figure 4 the FESEM micrographs of the 
clinoptilolite are shown at three different magnification 
levels: 4a) at 2µm, b4) at 200 nm and 4c) at 100 nm.  

It seems to have anhedral particles assembled on 
the top of one other [40]. A rock with this peculiarity has 
grain with no well-defined crystal faces. Probably 
during the consolidation of the fuses mass (magma), 
the initial phases of the zeolite did not crystallize and 
the crystal growth began in an environment with no free 
space for the formation of these crystal facets. For this 
reason, clinoptilolite takes the shape of the free-space 
made by the minerals that segregated previously. As is 
shown by Figure 1, in the diffractogram of clinoptilolite, 
the mordeniteis present as an impurity. In literature, the 
FESEM micrography of clinoptilolite shows this impurity 
in filiform shape, crisscrossed among the clinoptilolite 
plates [40]. However, the clinoptilolite used in the 
present study does not have this filiform shape in its 
structure: this means that there is not enough 
mordenite to be organized in this shape, though there 
is trace evidence of mordenite because the XRD 
diffractograms shows its presence in the structure of 
our clinoptilolite. 

In Table 2 the EDX results of the chemical 
composition of the clinoptilolite are reported. 

Table 2: Chemical Composition of the Clinoptilolite 
Performed by EDX Analysis 

Element Atomic (%)1 

O	
   55.81 ± 20.78	
  

Si	
   31.71 ± 16.02	
  

Al	
   6.45 ± 3.62	
  

K	
   3.22 ± 4.47	
  

Ca	
   1.57 ± 2.44	
  

Fe	
   0.68 ± 1.18	
  

Mg	
   0.48 ± 0.09	
  

Na	
   0.12 ± 0.40	
  

Tot.	
   100.00	
  
1 Values reported with their deviation standard. 

As previously stated, clinoptilolite has the generic 
chemical formula (NaKCa)4(Al6Si30O72)·24H2O [17]. In 
the present case, the amounts of Na, K and Ca are 
quite different from each other: clinoptilolite is not 
homogeneous in terms of composition. During its 
formation from the magma, the self-assembly of the 
clinoptilolite is performed in an anisotropic way, so it is 
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possible to have regions with different composition of 
element. For this analysis, we used four areas and 
mediated the values obtained: in this way it is possible 
to be sure of the real chemical composition of the 
clinoptilolite. 

We also have other elements, such as Fe (0.68% 
at.) and Mg (0.47% at.): these two are probably the 
impurities that were enclosed in the pores of the 
clinoptilolite during its formation from the magma. To 
confirm these values, we performed the ICP analysis: 
the results show Fe 0.28 at. % and Mg 0.5 at. %.  

3.2. Adsorption Tests 

In Table 3 the results of the adsorption tests over 
the MB solution (250 mg L-1) with 5 g of clinoptilolite 
are reported.“F” is the dilution factor used during the 
experiment.“Canalysis“ is the concentration evaluated 
using the intercept and the slope values from the 
calibration curve using the Equation (1): 

x = y
m

! C            (1) 

where both “m“ and “C“ are known by the calibration 
curve (not reported for brevity).“Ct“ is the real 
concentration at the time given and it is evaluated by 
Equation (2): 

Ct = Canalysis !F            (2) 

where “F“ is the dilution factor reported in Table 3. 

In Table 3 there is the “qt“ which is the quantity of 
MB in mg absorbed per grams of clinoptilolite and it is 
evaluated as shownby Equation (3): 

qt = 1! Ct +1
Ct

"
#$

%
&'
(C t=0 (

masszeolite
volumsolution

        (3) 

where the mass is 5 g and the volume of the solution 
used is 0.5 L. 

The results are shown in Figure 5. In Figure 5a it is 
possible to see that clinoptilolite is a material that can 
easily adsorb MB in about 20 minutes. 

The MB adsorption can be evaluated by a first or a 
second order reaction. The kinetic order of MB 
adsorption on clinoptilolite can be calculated via the 
kinetic constant in both cases (first or second order 
reaction). 

For the first order reaction the Equation (4): 

! dct
dt

= k1Ct            (4) 

Is used, where k1 is the kinetic constant for the first 
order reaction. Integrating with Ct=C0 at t=0 it is 
possible toknow the k1 as the slope of the linear fitting 
in Figure 6a. 

For the second order reaction the Equation (5): 

! dqt
dt

= k2 qe ! qt( )2           (5) 

Table 3: Results of the Absorbance Tests over the Solution 250 mg L-1 of MB with 5 g of Clinoptilolite 

Time (min) F A Canalysis (mg L-1) Ct (mg L-1) Conversion (%) qt (mg g-1) 

0    250.00 0.0 0.0 

10 20 0.168 0.94 18.71 92.5 23.1 

20 20 0.154 0.85 16.92 93.2 23.3 

30 20 0.133 0.71 14.24 94.3 23.6 

40 2 1.135 7.12 14.23 94.3 23.6 

60 2 1.13 7.08 14.17 94.3 23.6 

70 2 1.002 6.27 12.53 95.0 23.7 

80 2 0.96 6.00 12.00 95.2 23.8 

90 2 0.92 5.74 11.48 95.4 23.9 

100 2 0.857 5.34 10.68 95.7 23.9 

120 2 0.835 5.20 10.40 95.8 24.0 

130 1 1.59 10.02 10.02 96.0 24.0 
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It is used where k2 is the kinetic constant for the 
second order reaction. qe is the quantity of MB 
adsorbed per unit mass of clinoptilolite at the 
equilibrium point and k2 is the slope of the linear fitting 
in Figure 6b. 

In Figures 6a and 6b the main information about 
data fitting is reported. For the first order reaction, 
Figure 6a, the R-square value is about 0.923. For the 
second order reaction this value is the nearest to 1, 
about 0.999. This is the discriminating parameter that 
allows us to find the reaction order. If the R-square is 
near to one, the fitting was done very well and the 
reaction order is acceptable. In this study the MB 
adsorption on clinoptilolite can be described by a 
second order reaction. Another interesting result of the 
second order reaction is the qe: this value, in ideal 

conditions, should be about 25 mg g-1. In this study is 
about 24.1 mg g-1 and this it is quite near to ideal 
conditions. 

The same procedure is used to evaluate the 
adsorption of a higher MB concentration, about 500 mg 
L-1. The conditions used are the same as the solution 
at 250 mg L-1. 

Table 4 contains the results of the adsorption test for 
500 mg L-1 of MB whereas Figure 7 shows the results 
of the linear fitting. 

At the same operative conditions, there are 
differences in the adsorption of MB at different 
concentrations. It seems that at higher concentrations, 
difficulties arise for MB to be adsorbed by clinoptilolite. 

 

Figure 5: Concentration, abatement and quantity of MB absorbed as function of the time for the solution 250 mg L-1. 

 

Figure 6: The adsorption of MB (250 mg L-1) in the case of a first order reaction 6a) and the second order reaction 6b). 
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As shown in Figure 7a, before 60 minutes, there seems 
to be a plateau and, after 60 minutes, the concentration 
of dye decreases. This behaviour is not exhibited in the 
case of 250 mg L-1, Figure 6a. When working with 500 
mg L-1, there is a higher quantity of dye in solution and 
the adsorption process is influenced by this parameter: 
it seems there are difficulties for MB to be adsorbed by 
the zeolite. This aspect can be explained by the 
presences of micro and mesopores. The dye 
molecules, before they diffuse into the pores of 
clinoptilolite, should across the boundary layer. If lots of 
dye molecules are present in solution, this first step is 
kinetically predominant and in the first minutes of the 
adsorption, the percentage of abatement is slower. 
When the molecules diffuse into the pores, the 
abatement proceeds more quickly [41]. 

In Figure 7 an overview of the data fitting for the first 
order (Figure 7a) and the second order reaction  
(Figure 7b). In Figure 7a is reported, the R-square 
value is about 0.903. For the second order reaction this 
value is about 0.991. So, with a concentration of 500 
mg L-1 the adsorption is a second order reaction. 

If we compare the kinetic constant of the second 
order reaction of the two cases reported in Figure 6 
and 7, the k2 of the solution 500 mg L-1 is about the half 
of the k2 of the solution 250 mg L-1. This is interesting 
because the kinetic of the adsorption is influenced by 
the quantity of the dye in solution. 

In other words, if the MB concentration increases, 
then the adsorption rate decreases. 

Table 4: Results of the Absorabance Tests over the Solution 500 mg L-1 of MB with 5 g of Clinoptilolite 

Time (min) F A Canalysis (mg L-1) Ct (mg L-1) Conversion (%) qt (mg g-1) 

0    500.00   

10 20 1.206 7.57 151.40 69.7 34.9 

20 20 1.003 6.27 125.45 74.9 37.5 

30 20 0.964 6.02 120.47 75.9 38.0 

40 20 0.883 5.51 110.11 78.0 39.0 

60 20 0.815 5.07 101.42 79.7 39.9 

70 20 0.804 5.00 100.01 80.0 40.0 

80 20 0.667 4.13 82.50 83.5 41.7 

90 20 0.635 3.92 78.41 84.3 42.2 

100 20 0.516 3.16 63.20 87.4 43.7 

120 2 2.97 18.85 37.69 92.5 46.2 

130 2 2.95 18.72 37.44 92.5 46.3 

 

 

Figure 7: Concentration, abatement and quantity of MB absorbed as function of the time for the solution 500 mg L-1. 
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For the solution 500 mg L-1, the qe is about 46.3 mg 
g-1. This value is not near the ideal one, that is 50 mg g-

1. This is because this qe is related to the capacity of 
the zeolite to adsorb the dye. As explained above, a 
higher concentration of MB influences the capacity of 
adsorption of the clinoptilolite and, at the end of the 
test, the total quantity adsorbed and the value at the 
equilibrium condition. 

CONCLUSION 

In this work, clinoptilolite was investigated. The X-
ray diffractogram confirmed the presence of impurities 
(mordenite) that are incorporated into the zeolite 
framework.  

This clinoptilolite exhibits low surface area  
(36 m2g-1) and pore volume (0.14 cm3 g-1) and the 
average diameter is 15 nm. 

The structure of clinoptilolite was investigated by 
FESEM micrography: the material has anhedral 
particles assembled on the top of one other. This kind 
of shape is the result of a self-assembly of the initial 
phases of clinoptilolite that do not crystallize. 

The EDX analysis revealed the presence of Fe and 
Mg as impurities (Fe 0.28 at. % and Mg 0.5 at. %) 

In order to evaluate the adsorption capacity, the 
adsorption tests were performed with two solutions of 
MB (250 and 500 mg L-1). The results showed the 
adsorption is more efficient in the case of 250 mg L-1, 
about 96 % after 2h. For the solution 500 mg L-1 the 
abatement is about 92.5% after 2h. The kinetic order of 
MB adsorption was evaluated and the results suggest a 
second order reaction. 
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